the most part, to glide above the paving rather than to rest upon it"; "The floor, with quadrangular motifs, […] gives the effect of a rug held halfway up"; "The objects, for example on […] the table of The Last Supper, do not seem to be inside the space […] "; "The picture plane, rising up as it does in the centre of the space, seems to stretch across it in order to pass in front. Indeed, due to the short distance, it even seems to surround the spectator standing UNDERSTANDING ERRORS IN PERSPECTIVE 2 alongside this sensorial characterisation of painting, another one -which I would like to develop here -is possible. It is one based on a "poietic evaluation" (poie/ w meaning "to make" in Greek). This distinction significantly modifies the way in which perspective is approached for one must view it with the eye of the painter or the architect who constructed it. Such or such a perspective is therefore judged in terms of the methods used by its creator, which is to say in terms of the goals he set himself and the means at his disposal in order to achieve them. Alongside an aesthetic sociology, a poietic one could emerge, one whose very basis is grounded in the criticism that it justifiably makes of the former: if western painting has undergone a transformation, it is not because the eye of the spectator has changed, but because this same eye has trained itself to appreciate works of art that the hand of the painter has constructed differently. […] To say that the perspectives of the Renaissance are "correct" is no more satisfying than to assert the "falseness" of medieval representations. From a technical point of view, the various errors in perspective are also constructions -they are the result of operations which are false but which are operations nonetheless. The only question which deserves to be asked in all such cases and whatever the apparent correctness, is "How are these perspectives constructed?" Let us first examine three types of error frequently made by painters: "accidental errors" (type I), "ad hoc errors" (type II) and "systematic errors" (type III).
Type I errors.
From an operating point of view, the accidental error is characterised by the fact that it is not concerned with any logico-semantic network. For example, an isolated vanishing line which unintentionally slips off at an angle, should only be interpreted as an accidental mistake. However, if it leads to an area where other vanishing lines converge, it could be an example of a type II or a type III error.
Type II errors. The ad hoc error is a conscious one whose existence can be understood from a practical point of view. For example, when paving squares are interrupted by one or two steps, it is worthwhile drawing a unique perspective network on the floor, and altering the vanishing lines at the steps so that the error is no longer obvious. In this case, the error is not before the painting " (1975: 119, 119, 122, 136-137 respectively, my italics) . Panofsky mentions that this feeling of correctness is socially constructed, which suggests that one can only begin to evaluate a perspective by questioning the presuppositions which form the background to axiological evaluation.
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incomprehensible for it obeys an instrumental pattern of logic which does not allow itself to resort to measures which are not in keeping with the desired objective.
Type III errors. The systematic error can be distinguished from the previous two by the fact that it is part of a coherent logico-semantic network based upon an acceptance of certain rules of construction or principles of organisation. Let us consider Madonna and Child by Fra Filippo Lippi, painted around 1452. The vanishing lines converge at two centric points which coincide with the Virgin's two eyes. Here we are clearly faced with a systematic error for we can imagine that the painter saw a relation between the eye and the vanishing point. This could have been the artistic expression of a binocular system of vision as laid out in Medieval texts (Raynaud 1998 (Raynaud , 2003 . Each time an error can be categorised as a type III error, we must view it in terms of the sociological analysis of false beliefs proposed by Boudon (1990) who highlights Pareto's words: "Logic tries to discover why a thought process is false whereas sociology tries to discover why it is so frequently adhered to". What are the reasons for painters' adherence to such or such a system of rules? Furthermore, is there one, unanimous consent about the rules of linear perspective or are there several consents which follow the divisions between the various artistic schools and workshops?
The question "How are perspectives constructed?" enables us to reconsider the procedure for the analysis of paintings. To construct a "correct" perspective, in terms of linear perspective, is to carry out a twofold sequence of operations: the first consists in analysing the orthogonal lines, which is to say those whose direction is parallel to that of the viewer's gaze and which will become vanishing lines in a perspective view. The second consists in analysing the transversal lines which are perpendicular to the viewer's gaze. The orthogonals force the painter to fix a vanishing point (unique in one-point perspective). The transversals force the painter to choose a method of foreshortening which will determine the diminishing spaces between the transversals (usually those which are the receding horizontals of the floor plane). 
Methods of foreshortening
If the use of orthogonal lines leaves little room for constructive imagination, the same cannot be said for the use of transversal lines. Concerning the question of diminishing spaces, Renaissance painters proposed a wide range of empirical solutions.
How is one to represent horizontal lines which are perpendicular to the viewer's gaze? On the floor plane, the spacing of the transversal lines is regular since the paving squares are of the same dimension. This is not so in a perspective view and most painters subscribed to the idea that the further away the squares are, the smaller they should seem to the naked eye.
However, which rule of diminution were they applying? They were not able to resort to the theory of perspective for this was only invented by mathematicians in the 17th century. Such knowledge being unavailable 3 at the time, they therefore came up with various tactics in order to give to perspective the only thing they had ever known: the qualitative principle of foreshortening apparent size according to distance, a principle which appears in all of the Medieval treatises on optics 4 . The quantitative translation of this qualitative principle could 3 This situation of a heuristic search for solutions in a context of limited information certainly evokes the experiments of Tversky and Kahneman (1973) concerning the solving of problems of probability by individuals unfamiliar with mathematics. Let us not forget that most of the concepts of perspective, beginning with the basic "vanishing point", were unknown in Renaissance times (for instance, Alberti speaks of a "punctum centricus", not yet of a "punctum concursus"). This conceptualisation thanks to 17th century mathematicians, such as Guidobaldo del Monte, who began to study methods of projection (Kemp, 1985; Field, 1997) . Throughout the rest of this text, which is concerned with the paintings of the quattrocento, the technical terms "vanishing point", "distance point", "transversal lines", etc. are inappropriate. One must nevertheless resign oneself to the naming of those lines and points present in the working drawings. I have therefore kept these terms which have an indexing function rather than a semantic function. (1505); (e) Pietro Accolti's reduced distance points method (1625).
[…] The analysis of paintings cannot, however, be based on this inventory. One problem must first be solved: Despite its accuracy, Panofsky's inventory is one of true methods. It is quite possible, therefore, that it does not contain all of them and it must be completed by a rational examination of all the possibilities.
Imagine finding yourself in a room paved with identical rectangular tiles. Now, open a door in such a way that it crosses a tile diagonally. You will notice that the door is lined up diagonally with all the tiles and -as trivial as it may seem -that this diagonal line is a straight one. What you have just experienced is also true for painting. For perspective to be "correct", the tiles' diagonal line must be straight 5 . Otherwise, every door which were to open diagonally would be askew, which is materially impossible. This rule was often ignored and two main types of error can be highlighted: either the "diagonal" becomes concave or it becomes convex. Add to this the case of a true perspective where the diagonal remains straight and one has a range of three possibilities. aequidistantium magnitudinum inaequaliter ab uisu distantium propinquior semper maior uidetur, non tamen proportionaliter suis distantiis uidetur" (Witelo, Optica, IV, 25) . "Infralle cose dequal grandeza quella chessara piu distante dallochio si dimossterra di minore figura" (Leonardo da Vinci, MS. SKMII, fol. 63 r.) 5 Alberti verified the correctness of the perspective layout by using this property but he was unaware that the diagonals should converge at a distance point: "Qui quidem quam recte descripti sint inditio erit, si una eademque recta continuata linea in picto pauimento coadiunctorum quadrangulorum diameter sit. Est quidem apud mathematicos diameter quadranguli recta quaedam linea ab angulo ad sibi oppositum angulum ducta, quae in duas partes quadrangulum diuidat ita ut ex quadrangulo duos triangulos fit" (De pictura, I, 20) .
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1) Methods of correct foreshortening
Here we can find the whole range of foreshortening methods giving rise to straight diagonals. The spacing between the horizontal lines diminishes correctly as one approaches the vanishing point. The first perspective method known in written form, that of Alberti (De pictura, 1435) is to be found here. The so-called "intersection of visual pyramid" consists first in forming a pencil of visual rays linking the eye to each of the paving divisions. The "visual pyramid" is then cut by the picture plane: this intersection will fix the height of each of the receding transversal lines. The originality of this method is that the side view and the perspective view are drawn on the same sheet so that the intersection points of the visual pyramid can be more easily transfered.
2) Methods of under-foreshortening
Foreshortening can also generate concave diagonals. In this case, the spacing between the horizontal lines does not diminish rapidly enough on approaching the vanishing point. Let us first mention the "zero degree" of foreshortening which consists in drawing equidistant In this category we can also find the so-called diminution by a 1 / 3 . Panofsky wrote "If one were to go by Alberti, the deceptive habit of mechanically reducing each strip of paving to a third of the size of the previous strip still held sway at that time " (1975: 147) . Alberti did in fact mention this painters' ratio vitiosa (De pictura, I, 19), before applying his own method.
[…] There are alternatives to this error. The vertical line traced from the vanishing point (F), divides the central square at 1 / 2 (Lorenzetti), 1 / 3 (van Eyck), or 1 / 4 (Brunelleschi, Ghiberti).
One can nevertheless understand the unity of these constructions. Because it is justified in operating terms, the division of the central square falls into the domain of type III systematic errors. Two constructions have been used. point (B 2 ) will now fix the height of the second horizontal (A 2 B 2 ) and so on and so forth until the horizon. Compared to the previous system of construction, the diagonals are no longer parallel. They converge at point (P) which is situated above the horizon 7 .
[…] This is why all 7 This construction point (P), which foreshadows the "distance point" of linear perspective as codified in the 17th century, seems indeed to have been used by painters since it is usually to be found in a place which stands out from the architectural decor. We can find it: at the corner of a pilaster (Brunelleschi), on the edge of a If painters followed these two (erroneous) methods, it was mainly because they allow one to represent intervals which diminish the closer they are to the horizon. Considering the knowledge which was available during the quattrocento, the goal of a qualitative representation of diminishing spaces was thereby achieved.
3) Methods of over-foreshortening
Finally, foreshortening can result in a network of convex diagonals. In this case the spaces between the horizontal lines diminishes too rapidly as one approaches the vanishing line.
One is faced with over-foreshortening (Figure 3 ) when the point of convergence (P) of lines (A 0 B 1 ), (A 1 B 2 ) …, as previously constructed, is situated lower than the horizon line. In this case, the series having as intervals (A 0 A 1 ), (A 1 A 2 ), (A 2 A 3 ) … tends to a limit (A n ) at the height of (P). In a linear perspective, this point of convergence (P) should correspond to a "distance point" on the horizon. However, since (P) is situated below the horizon -and assuming that the paving is drawn to infinity -, there will always be an empty space between this limit and the true horizon. Here the opposite effect is produced to that of under-foreshortening: the intervals (A 0 A 1 ), (A 1 A 2 ), (A 2 A 3 ) … are too short compared to those which an exact perspective building (Ghiberti), on the shoulder of a figure (Donatello).
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This type of diminution is not very common in the corpus (Donatello, Masaccio), and painters' preference for the under-foreshortening methods mentioned above can be easily explained: despite being false, they allowed one to fill the entire space between (A 0 ) and (F), something that over-shortening methods do not permit.
[…]
Examination of paintings
The aforementioned cases of over-foreshortening, foreshortening and underforeshortening are exclusive categories. When attempting to locate these constructions in the are concave, the system used is one of under-foreshortening. In fact, contrary to Kemp's analysis (1990: 25) , the lateral point of convergence, both in Isaac (Plate 2) and in Joseph, is situated above the horizon. These are not accidental errors for the construction is the same in both panels. One must therefore abstain from believing that Ghiberti indulges in a "strict use of artificial perspective" (White, 1992: 162) .
Let us now turn to the work of Donatello (1386- […] The network of diagonals is a concave structure. One must therefore refute Kemp's judgement (1990: 39) and admit that Paolo Uccello used underforeshortening.
It is common practice to place the young Masaccio in Brunelleschi's wake. It is true that they were together in Rome and that their age difference easily leads one to imagine a master- departures from mathematical correctness in Masaccio's Trinity fresco " (1997: 72) . Besides, The 8 Jane Aiken postulates that Masaccio constructed the diminution of the vault ribs using astrolabe and stereographic projection. Nevertheless, it is questionable how much the orthographic and stereographic projections of the astronomers were "readily available sources to Masaccio and Brunelleschi" (1995: 173) . First, the length and complexity of this construction proves an obvious lack of proportion between means and ends, so much so that one could wonder whether so sophisticated a technique has ever been used. Secondly, if
Renaissance painters and architects like Brunelleschi or Masaccio were that erudite, one could wonder why they claimed so vehemently to be artists. The reason is obvious: they had neither the status nor the income of those who trained at the Faculty of Liberal Arts.
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Holy Trinity is not the only work of Masaccio's to depart from the rules of linear perspective:
the Desco da parto at Berlin's Gemäldegalerie shows a network of convex diagonals with a convergence point situated halfway between the floor and the horizon line. Here we have another example of over-foreshortening.
These brief notes concerning a few of the quattrocento's greatest artists allow us to draw a simple -if not surprising -conclusion: among the Italian paintings of the first half of the quattrocento, not a single one applied the rules of linear perspective to the letter, not even those of Brunelleschi, the supposed inventor of perspectiva artificialis. The first example of a strict application of linear perspective is by Piero della Francesca around 1450. Against this hypercritical analysis of the use of perspective one could therefore say that the rules of linear perspective were applied from Piero della Francesca onwards and, as such, our demonstration should continue on until after the 15th century. It is not for us to embark upon such a task, yet it is possible to show that the homogeneity of pictorial practices is still over estimated. The reconstruction ex post facto of a number of paintings from that era shows that, if the Academies played a role in the diffusion of perspective methods, they did not completely standardize the operations used by painters. I shall only propose one example which proves that the rules of perspective were not always followed after 1450.
The extremely architectured work of Vittore Carpaccio (1460-1526) has been the object of evaluations of correctness which can be compared to those concerning the works of the quattrocento. Should we therefore accept the judgement according to which: "The geometric and perspective precision of the town planner and the architect is characteristic of Carpaccio's way of thinking"? (Sgarbi, 1979: 17) . 
